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The mitogen-activated protein kinase pathway modulates the interaction of plectin with inter-
mediate filaments
J Bouameur,1 L Fontao,2 K Green,3 B Favre1 and L Borradori1 1 DCR-Dermatology, Insel-Bern
University Hospital, Bern, Switzerland, 2 Dermatology, Geneva University Hospital, Geneva,
Switzerland and 3 Pathology, Northwestern University Feinberg School of Medicine, Chicago,
IL
Plectin plays a key role in maintenance of cell resilience and cytoarchitecture by tethering inter-
mediate filaments (IFs) to the plasma membrane and cell organelles in tissues exposed to mechan-
ical stress such as the epidermis and muscle. Inherited mutations in the plectin gene result in epi-
dermolysis bullosa (EB) and/or muscular dystrophy (MD). We here identified a phosphorylation site
within the COOH extremity of plectin, which regulates its binding to epidermal keratins and as
well as to muscle-specific IF protein desmin. This phosphorylation site is lost in an EB-MD patient
with a truncation of the COOH-extremity of plectin. By yeast three-hybrid assays, biochemical, cell
transfection and immunofluorescence studies, plectin was found to be phosphorylated on S4642
(pS4642). Phosphorylation of S4642 affected the potential of plectin to colocalize with IFs. In both
cultured keratinocytes and in skin sections, junctional plectin associated with hemidesmosomes,
as IFs anchorage site, showed a reduced phosphorylation of S4642. In contrast to unphosphorylated
and unphosphorylatable forms, pS4642 phosphorylated plectin forms were not associated with the
insoluble IF fraction of transfected cells. Treatment of cells with EGF, phorbol esters, or okadaic
acid enhanced the phosphorylation of S4642, whereas an inhibitor of mitogen-activated protein
kinase (MAPK) prevented both the phorbol ester- and EGF-dependent increase of pS4642. Our
findings show that the association of plectin with various IF proteins is regulated by phosphoryla-
tion of S4642 within its COOH extremity. This event is dependent on the activity of protein phos-
phatase 2A and MAPK pathway. These results give new insight into how plectin phosphorylation
contribute to the regulation of cell architecture and plasticity and explain how even minor trunca-
tions of the COOH-extremity of plectin leads to devastating consequences.
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E-cadherin is required for melanocyte maintenance in the basal layer and is altered in vitiligo
melanocytes
V Delmas,1 A Rubod,1 F Luciani,1 R Wagner,1 M Cario-André,2 E Khaled,2 L Benzekri,3
Y Gauthier,2 A Taeib2 and L Larue1 1 Developmental Genetics of Melanocytes, Institut Curie,
CNRS UMR3347, INSERM U1021, Orsay, France, 2 Department of Dermatology, Hopital
Saint-André, Bordeaux, France and 3 Department of Dermatology, Ibn Sina University
Hospital, Rabat, Morocco
In vitiligo, melanocytes are lost from depigmented, but not pigmented areas of skin. According to
the melanocytorrhagy theory, which integrates most of the observed features of the disease, this
depigmentation results from an initial chronic detachment of melanocytes from the basal layer, fol-
lowed by transepidermal migration. The adhesion of melanocytes to keratinocytes in the epidermis
is mediated by E-cadherin. We investigated whether changes in E-cadherin distribution occurred in
melanocytes before the loss of these cells in vitiligo patients. We systematically studied E-cadherin
status at the membrane of melanocytes from lesion-free skin specimens from 29 vitiligo patients and
10 control patients. We analyzed E-cadherin distribution in about 50 melanocytes, identified as
TRP2-positive cells, for each patient. E-cadherin was uniformly distributed at the cell membrane of
80% of melanocytes from controls, but only 40% of those from vitiligo patients (the remaining 60%
presenting discontinuous or no E-cadherin labeling at the melanocyte membrane). In addition, there
were three times as many melanocytes in the suprabasal layer in skin from vitiligo patients than in
that from controls. We then investigated the causal role of E-cadherin (i) in mice, by knocking out
the corresponding gene in melanocytes and stressing the skin by repeated mechanical friction and
(ii) in reconstructed human skin after oxidative stress. The presence of E-cadherin was found to be
a major determinant of melanocyte adhesiveness in the basal layer of the epidermis in these two
stress situations. This study highlights the major role of E-cadherin in inducing vitiligo and identi-
fies a comprehensive molecular etiology for melanocytorrhagy.
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Collagen-binding integrins α2β1 and α11β1 – new players in controlling endocrine home-
ostasis
K Blumbach,1 A Niehoff,2 BF Belgardt,3 M Schubert,4 JN Schulz,1 JC Brüning,3 D Gullberg,5
T Krieg1 and B Eckes1 1 Dermatology, University of Cologne, Cologne, Germany, 2
Biomechanics and Orthopedics, German Sport University Cologne, Cologne, Germany, 3
Mouse Genetics and Metabolism, University of Cologne, Cologne, Germany, 4 CEDP,
University of Cologne, Cologne, Germany and 5 Biomedicine, University of Bergen, Bergen,
Norway
Nearly all cells in multicellular organisms are surrounded by an extracellular matrix (ECM) that
provides structural support, organization, and orientation to cells. Extensive communication between
cells and surrounding collagen is mediated mainly by integrins, among them α2β1 and α11β1. We
aimed to delineate the functions of these integrins in tissues rich in fibrillar collagen I by generat-
ing mice deficient for either or both α2β1 and α11β1, both of which confer high avidity cell bind-
ing to triple helical collagen I and have been implicated in the organization of interstitial collagen
fibrils. Mice ablated for integrin α2β1 display defects in homeostasis and enhanced wound and
tumor angiogenesis. In mice lacking α11β1 the incisors fail to erupt normally because of malfunc-
tion of fibroblasts in the periodontal ligament that express α11β1 as the sole collagen receptor. The
results presented here demonstrate that the combined loss of integrins α2β1 and α11β1 severely
compromises growth as well as structural and mechanical bone properties. Besides skeletal dwarfism,
internal organs of mutant mice are correspondingly smaller, indicating proportional dwarfism and
suggesting a systemic cause for the overall size reduction. In accordance with a critical role of IGF-
1 in growth control and bone mineralization, circulating IGF-1 levels in the sera were severely
reduced. These defects resulted from dysregulated hypothalamic GHRH and pituitary gland-derived
GH. In all aspects analyzed, loss of α11β1 seems to elicit more severe effects than that of α2β1.
These findings highlight the importance of integrin dependent cell-collagen interactions in the reg-
ulation of IGF-1-dependent biological activities, thus representing a novel concept of integrins in
the control of endocrine homeostasis.
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Abrogation of collagen XVII ectodomain shedding enhances early re-epithelialization of acute
skin wounds
J Jackow,1 S Löffek,1 A Schlosser,2 U Lanner,2 A Nyström,1 C Sitaru,1 K Tasanen,3 L Bruckner-
Tuderman1 and C Franzke1 1 Department of Dermatology, University Freiburg Medical Center,
Freiburg, Germany, 2 Zentrum für Biosystemanalyse, Freiburg, Germany and 3 Department of
Dermatology, University of Oulu, Oulu, Finland
The collagen XVII is an anchorage molecule of epidermal basal keratinocytes. It represents a major
autoantigen in the skin blistering disease bullous pemphigoid (BP) and the epitopes of the BP autoan-
tibodies are located within the extracellular linker domain NC16A, which is cleaved by disintegrin
metalloproteinases (ADAMs). The ectodomain is stable and it seems to regulate the cell motility.
Therefore, the aim of this study was to investigate the biological functions of ectodomain shedding
using a collagen XVII non-shedding mouse model (Ki). By mass spectrometry we identified three
novel sheddase cleavage sites in the murine NC14A domain of collagen XVII. After in vitro verifi-
cation of several recombinant collagen XVII deletion mutants, we generated transgenic mice which
express a functional non-shed collagen XVII molecule containing a deletion of 41 amino acids
within the NC14A domain. The mice are viable, fertile and showed no striking differences in the
skin architecture. To verify the previously suspected alterations in cell motility, we generated acute
wounds on the back skin of collagen XVII wild type (WT) and Ki mice. The closure of the wound
surface was significantly accelerated in Ki mice, as compared to WT mice. Specifically, the epithe-
lial tongues were increased. To address the question whether these effects represent a cell autonomous
process, primary keratinocytes from Ki mice were assessed in in vitro wound closure assays by time
lapse video microscopy. This revealed enhanced cell migration. This is based on increased activa-
tion of the Akt/mTOR pathway, which is linked to the regulation of cell migration. Taken together,
our data provide in vivo evidence for a regulatory function of collagen XVII ectodomain in re-epithe-
lialization of acute skin wounds.
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Hypoxia-inducible factor-1alpha affects epidermal aging and reepithelization in human and
mouse
HR Rezvani,1 N Ali,1 A Taieb,2 H de Verneuil2 and F Mazurier1 1 Inserm U1035, BORDEAUX,
France and 2 Univ Bordeaux Segalen, BORDEAUX, France
Metazoans have evolved a conserved key protein, the hypoxia-inducible factor-1α (HIF-1α), to reg-
ulate oxygen delivery to tissue. Originally discovered as the regulator of oxygen homeostasis through
the control of erythropoietin, HIF-1α was then found to drive the expression of hundreds of genes
involved in many biological processes. Quantitative evaluation of tissue oxygenation has shown
that physiological oxygen pressure in epidermis is low compared with other tissues, resulting in
mildly hypoxic microenvironment. Consistently, high level of HIF-1α has been detected in epider-
mis, especially in the basal layer. Critical systemic effects have been demonstrated: regulation of
kidney erythroproietin production in the mouse with constitutive HIF-1α epidermal deletion and
hypervascularity following epidermal HIF-1α overexpression. However, its local role in the ker-
atinocyte physiology has not been clearly defined. To address the function of HIF-1α specifically in
the epidermis, we used the mouse model of HIF-1α knockout targeted to keratinocytes (K14-Cre/HIF-
1αflox/flox). These mice presented a delayed skin phenotype characterized by skin atrophy and pru-
ritic inflammation, partly mediated via basement membrane disturbances involving laminin-332
(Ln-332) and integrins. Mice have also a dramatic decrease in wound healing. We further investi-
gated the relevance of mouse findings in human skin using reconstructed epidermis and showed
that upon HIF-1α knockdown (HIF-1αKD) human keratinocytes cannot reconstruct a viable epi-
dermis. A diminution of keratinocyte growth potential, following HIF-1α silencing, was associated
with a decreased expression of Ln-322 and α6 and b1 integrins. Finally, the blunt knockdown of
HIF-1α in the epidermis, cause by tamoxifen treatment of K14-Cre-ERT2/HIF-1αflox/flox mice,
induces lethality with massive epidermal changes in aged mice. Overall, these results indicate a
role of HIF-1α in skin homeostasis especially during skin aging.
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Characterization of the interaction of desmoplakin and plectin with keratins 5 and 14: criti-
cal contribution of the keratin coils 1 and of the plakin COOH-tails
B Favre,1 J Bouameur,1 L Fontao,2 N Begré,1 P Lingasamy1 and L Borradori1 1 DCR-Dermatology,
Insel-Bern University Hospital, Bern, Switzerland and 2 Dermatology, Geneva University
Hospital, Geneva, Switzerland
Plakins connect cytoskeletal components to each other and to membrane protein complexes, con-
ferring to cells critical resilience to mechanical stress in various tissue, such as the epidermis. We
have here analyzed the mode of interaction of desmoplakin and plectin with the epidermal keratins
5 and 14 by several approaches: yeast-three hybrid, cell transfection, chemical crosslinking and in
vitro binding assays. Results obtained with various recombinant proteins encompassing the differ-
ent subdomains of the keratins and of the COOH-terminal intermediate filament-binding domain
(IFBD) of the plakins indicate that the predominant plakin-binding site is the coil 1 within the rod
domain of keratins 5 and 14. Heterodimerization of K5/K14 was important for the association with
both desmoplakin and plectin. Deletion of the COOH-extremity of desmoplakin-IFBD prevented
its interaction with K5/K14, whereas an equivalent truncation in plectin only affected the saturation
level of plectin-IFBD to K5/K14. Finally, in contrast to what was observed with desmoplakin, a recom-
binant form of plectin encompassing the last plakin repeat domain (PRD-C) and the COOH extrem-
ity interacted with K5/K14. This observation suggests the presence of more than one binding site on
plectin for K5/K14. Our data unravel the complexity and differences of the binding of desmoplakin
and plectin to K5/K14 and contribute to a better understanding of the potential devastating effects
of mutations within the tail of plakins in humans.
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The receptor tyrosine kinase Axl regulates intercellular adhesion, epithelial-mesenchymal
transition and stemness in cutaneous squamous cell carcinoma
Z Szentpetery, M Cichon, M Caley and E O’Toole Centre for Cutaneous Research, Blizard
Institute, Barts and the London School of Medicine and Dentistry, Queen Mary University of
London, London, United Kingdom
Axl is a receptor tyrosine kinase upregulated in a variety of tumours including cutaneous squamous
cell carcinoma (SCC). As Axl expression correlates with the metastatic potential of some tumours,
we hypothesized that Axl might play a role in epithelial-mesenchymal transition (EMT), a crucial
step in cancer progression causing disruption of cell-cell adhesion to allow invasion and metasta-
sis. To investigate this hypothesis, we created cutaneous SCC cell lines with stable Axl knock-down
using retroviral vectors. Subsequently, colony morphology, cell adhesion and related signalling path-
ways were studied. Cells with Axl knock-down formed tighter colonies and had altered expression
of intercellular junctional molecules with increased functional cell-cell adhesion and decreased
cell-matrix adhesion. EMT markers downregulated by Axl knock-down included TWIST, SNAI1
and regulators of EMT and stemness TGFBR1 and TGFBR2. Flow cytometry sorting of CD44-high
putative cancer stem cells, with subsequent immunoblotting demonstrated that Axl expression cor-
related with the expression of CD44 in cutaneous SCC, indicating a possible role for Axl in the
chemotherapy-resistant cancer stem cell population. Indeed, Axl expressing cells were more resist-
ant to chemotherapy drugs etoposide and doxorubicin. Axl expression also correlated with tumour
cell sphere formation ability in methylcellulose. We have developed an in vivo zebrafish xenograft
model, where we observed tumour formation in embryos injected with Axl-expressing, but not
with Axl-knockdown cells. In conclusion, we show that Axl depletion leads to increased intercel-
lular adhesion as well as loss of cancer stem cell properties including sphere formation, drug resist-
ance, reversal of EMT and tumour formation, confirming Axl as a potential target for future thera-
peutic intervention in cutaneous SCCs and other Axl-overexpressing cancers.
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Regulation of Tight Junction Composition and Function by the Claudin-associating Protein
EpCAM (CD326)
C Wu and MC Udey Dermatology Branch, National Cancer Institute, NIH, Bethesda, MD
EpCAM (CD326) is a transmembrane glycoprotein expressed in invasive carcinomas and some nor-
mal epithelia. Recent work from our laboratory demonstrated that EpCAM promotes motility and
migration of epidermal Langerhans cells (LC), perhaps by modulating LC-keratinocyte adhesion.
Mutations in EpCAM cause epithelial cell dysplasia and dysfunction (congenital tufting enteropa-
thy). We studied intestinal epithelial cells to gain additional insights into EpCAM function and deter-
mined that EpCAM regulates the composition and function of tight junctions (TJ) that are critical to
epithelial integrity. EpCAM accumulated on lateral interfaces of T84 and Caco-2 human colon car-
cinoma cells and normal intestinal epithelial cells, but did not co-localize with TJs. Knockdown of
EpCAM in T84 and Caco-2 cells using shRNAs led to morphological changes and alterations in adhe-
siveness. TJs formed readily in EpCAM-knockdown cells and assessment of TJ function revealed
enhanced acquisition of trans-epithelial electroresistance. TJ alterations occurred without gross
changes in adherens junctions or desmosomes, or loss of cell polarity. Using preparative immuno-
precipitation, we determined that EpCAM bound tightly to claudin-7. Co-immunoprecipitation doc-
umented associations of EpCAM with claudin-1 and claudin-7, but not claudin-2, claudin-4, occludin
or E-cadherin. EpCAM knockdown resulted in selective decreases in expression of claudin-7 and
claudin-1 without changes in mRNA levels. Decreases in claudin levels were reversed with lyso-
some and proteosome inhibitors. Immunofluorescence confirmed that EpCAM knockdown led to
decreases in claudin-1 and -7 levels overall, and revealed increases in accumulations of claudin-1
and claudin-7 in TJs. Physical interactions between EpCAM and claudins were required for claudin
stabilization. These findings suggest that EpCAM may modulate adhesion by regulating levels and
localization of selected claudins and provide insights into mechanisms by which EpCAM influ-
ences epithelial barrier function as well as metastasis and cell migration.
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Importance of o-linked glycans in complex epithelial formation
FB Madsen,1 C Steentoft,2 K Lavrsen,2 SY Vakhrushev,2 C Thode,1 EP Bennett,2 H Clausen,2
S Dabelsteen1 and HH Wandall2 1 Section of Oral Medicine, School of Dentistry, Faculty of
Health Sciences, University of Copenhagen, Copenhagen, Denmark and 2 Copenhagen
Center for Glycomics, Department of Cellular and Molecular Medicine, Faculty of Health
Sciences, University of Copenhagen, Copenhagen, Denmark
A common feature of all epithelial cancers is the truncation of O-linked glycans with the expres-
sion of short cancer associated O-linked glycans. It is, however, unknown if the de novo expres-
sion of cancer associated O-linked glycans promotes tumor development. One cause for the expres-
sion of cancer associated glycans is somatic mutations in the molecular chaperone Cosmc. Cosmc
is essential for correct folding of an active T-synthase, which elongates the initial O-linked glycan.
This study aims to examine the impact of disrupting elongated O-linked glycans in a human ker-
atinocyte cell line (HaCaT) mimicking the expression of cancer associated glycans in human epithe-
lial cells. HaCaT cells were transfected using ZFN constructs targeting the chaperone Cosmc. Cosmc
knock out (KO) clones were selected by immuno-cyto-chemistry and validated by DNA-sequenc-
ing. Proliferation, adhesion, and motility of HaCaT WT and Cosmc KO cells were evaluated and
the O-linked glycoproteome of HaCaT cells were determined. Furthermore, wild type and Cosmc
KO cells were examined in 3D organotypic models equivalent to human keratinized epithelia.
Organotypic culturing of Cosmc KO lacking elongated O-linked glycans showed loss of organiza-
tion in the basal cell layer, less flattening of the suprabasal cells, increased proliferation, and dis-
rupted contact between epithelium and basement membrane. These findings were confirmed in
simple 2D culturing of HaCaT wildtype and Cosmc KO cells suggesting that o-linked glycans affect
essential integrin functions. In conclusion, obstruction of normal O-glycan formation in human
keratinocytes leads to a dysplastic-like phenotype with increased proliferation and disturbance of
epithelial organization with a potential role of O-linked glycans in integrin function.
253
Hailey–Hailey disease and tight junctions: Claudins 1 and 4 are regulated by ATP2C1 gene
encoding Ca2+/Mn2+ ATPase SPCA1 in cultured keratinocytes
L Raiko,1 MG Mahoney,2 J Peltonen3 and S Peltonen4 1 Departments of Dermatology and Cell
Biology and Anatomy, University of Turku, Turku, Finland, 2 Department of Dermatology and
Cutaneous Biology, Thomas Jefferson University, Philadelphia, PA, 3 Department of Cell
Biology and Anatomy, University of Turku, Turku, Finland and 4 Department of Dermatology,
University of Turku, Turku, Finland
Mutations in the ATP2C1 gene encoding Ca2+/Mn2+ ATPase SPCA1 cause Hailey-Hailey disease
(HHD, OMIM 16960). HHD is characterized by epidermal acantholysis. We attempted to model
HHD using normal keratinocytes in which the SPCA1 mRNA was down-regulated with the small
inhibitory RNA (siRNA) method. SiRNA inhibition significantly down-regulated the SPCA1 mRNA,
as demonstrated by qPCR, and decreased the SPCA1 protein beyond detectable level, as shown by
western analysis. The expression of selected desmosomal, adherens and tight junction (TJ) proteins
was then studied in the SPCA1-deficient and control keratinocytes cultured in low (0.06 mM) or
high (1.2 mM) calcium concentration. The mRNA and protein levels of most TJ components were
up-regulated in non-treated control keratinocyte cultures upon switch from low to high calcium
concentration. In contrast, SPCA1-deficient keratinocytes displayed high levels of TJ proteins claudin
1 and 4 even in low calcium. ZO-1 did not however follow similar expression patterns. Protein lev-
els of occludin, betacatenin, E-cadherin, desmoplakin, desmogleins 1-3, desmocollin 2/3 and plako-
globin did not show marked changes in SPCA1 deficient keratinocytes. Indirect immunofluores-
cence labeling revealed delayed translocation of desmoplakin and desmoglein 3 in desmosomes,
and increased intracellular pools of TJ and desmosomal components in SPCA1 inhibited keratinocytes.
The results show that SPCA1 regulates the levels of claudins 1 and 4, but does not affect desmoso-
mal protein levels, indicating that TJ proteins are differently regulated. The results also suggest a
potential role for claudins in HHD.
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Loss of keratinocyte type VII collagen in SCC increases TGF-beta signalling and angiogenesis
V Martins,1 M Caley,1 K Moore,1 DF Murrell,2 JA McGrath,3 M Chen,4 JF Marshall1 and
EA O’Toole1 1 Barts and the London SMD, Queen Mary University of London, London, United
Kingdom, 2 Dermatology, University of NSW, Sydney, NSW, Australia, 3 Genetic Skin Disease
Group, Guy’s, King’s College & St Thomas’ School of Med., London, United Kingdom and 4
USC, Los Angeles, CA
Recessive dystrophic epidermolysis bullosa (RDEB), caused by mutations in the type VII collagen
(ColVII) gene, is associated with increased risk of metastatic squamous cell carcinoma (SCC). We
have previously shown that loss of ColVII in SCC increases migration/invasion with increased TGF-
beta signalling in vitro. In this study, we explored the role of angiogenesis, a process downstream
of TGF-beta signalling, in tumourigenesis of SCC cells with absent ColVII. Stable knock-down of
ColVII (shCOL7) was established in SCC cell lines using lentiviral shRNA. QPCR demonstrated
shCOL7 had increased TGFBR1 expression in vitro. Increased expression of alphaVbeta6 integrin
and fibronectin, major TGF-beta pathway components, was observed in shCOL7 cells. Interestingly,
incubation with a TGFBR1 inhibitor reduced SCC cell invasion and fibronectin expression in shCOL7
SCC as well as in RDEB SCC cell lines. Collagen:matrigel gels were generated using shCOL7 and
control (shC) cells and grafted onto immunodeficient nude mice for 6 weeks. shCOL7 xenografts
had an increased number and tortuosity of blood vessels macroscopically compared to shC. His-
tological analysis revealed that shCOL7 cells are more invasive than control cells in vivo, accom-
panied by an increase in blood vessel formation and diameter quantified with the endothelial cell
marker, Meca-32. Data from an angiogenesis proteome array showed a significant increase in sev-
eral angiogenesis markers, including VEGFA and thrombospondin-1 in shCOL7 cells. Moreover,
conditioned media from shCOL7 cells increased in vitro tube formation and branching in a HUVEC
angiogenesis assay. Our data provide evidence for the first time that loss of ColVII in SCC increases
angiogenesis possibly driven by TGFBR1 and alphaVbeta6 integrin, and may contribute to a better
understanding of the accelerated metastasis in RDEB SCC.
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Disease proteomics reveals modulation of cell microenvironment in recessive dystrophic
epidermolysis bullosa
V Küttner,1 C Mack,1 K Rigbolt,2 O Schilling,3 H Busch,2 L Bruckner-Tuderman1 and J Dengjel2 1
Department of Dermatology, University Medical Center Freiburg, Freiburg, Germany, 2
Freiburg Institute for Advanced Studies (FRIAS), School of Life Science (LifeNet), University
of Freiburg, Freiburg, Germany and 3 Institute of Molecular Medicine and Cell Research,
University of Freiburg, Freiburg, Germany
Recessive dystrophic epidermolysis bullosa (RDEB), a genetic skin disorder, was used as a model
for identification of hitherto unknown proteins involved in its pathogenesis by a disease proteomics
approach. A strategy using quantitative mass spectrometry (MS), combined with bioinformatics data
processing, was developed to assess quantitative differences in the microenvironment of skin fibrob-
lasts derived from normal and pathologically altered skin. A standard extracellular proteome of
normal human skin fibroblasts was generated and compared to that of RDEB fibroblasts. This global,
unbiased approach revealed unanticipated differences in protein abundance across all examined
patient samples, as well as differences observed only for specific patients. RDEB is caused by muta-
tions in the gene encoding collagen VII, a dermal-epidermal adhesion protein. The proteomics
approach showed that loss of collagen VII was associated with a number of other changes, i.e.
decrease of basement membrane proteins and increase of dermal matrix proteins, TGF-beta, and
metalloproteases, but not with higher protease activity. Thus, by combining high-resolution, high-
accuracy MS with a bioinformatics data processing pipeline we generated a comprehensive list of
extracellular proteins and their differences in RDEB. With this resource at hand, we identified novel
disease mechanisms in RDEB and highlighted potential targets of intervention.
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p38δ Mitogen-Activated Protein Kinase Regulates Tight Junction Protein ZO-1 in Human Epi-
dermal Keratinocytes
E Siljamäki,1 M Toriseva,1 J Peltonen,2 V Kähäri1 and S Peltonen1 1 Department of Dermatology,
University of Turku and Turku Universtiy Hospital, Turku, Finland and 2 Department of Cell
Biology and Anatomy, University of Turku, Turku, Finland
Increasing evidence has recognized tight junctions as the lower epidermal inside-out diffusion bar-
rier located in granular cell layers of the epidermis. The main components of epidermal tight junc-
tions are transmembrane proteins occludin and members of claudin family, as well as cytoplasmic
plaque component zonula occludens protein-1 (ZO-1). To date, little is known about the regulation
of tight junction components in epidermis. p38 pathway is one of the mitogen-activated protein
kinase pathways, which controls cell growth, differentiation, and apoptosis. We have investigated
the role of p38 signaling pathway in the regulation of selected desmosomal, adherens and tight junc-
tion components in human primary keratinocytes during Ca2+-induced differentiation. The results
showed that specific inhibition of p38δ function by chemical inhibitor, adenovirally delivered
dominant negative mutant or siRNA led to markedly decreased levels of ZO-1 protein in keratinocytes,
as demonstrated by western blotting. The expression of other junctional proteins such as desmo-
plakin, beta catenin, occludin, claudins-1 and 4 was not regulated by p38δ. Immunolocalization
of ZO-1 revealed that in p38δ inhibited cells the intercellular junction areas were depleted from
ZO-1 indicating that both expression and transportation of ZO-1 was affected by p38δ inhibition.
However, p38δ inhibition did not affect the relocalization of desmoplakin, occludin or claudins in
the junction areas. These results show for the first time a role for p38 signaling pathway and specif-
ically p38δ in regulation of a tight junction component. The results also indicate that tight junction
components are differentially regulated. Since ZO-1 is an integral component of functional tight
junctions, various pathological processes affecting signaling via p38δmay also interfere with epithe-
lial maturation and the formation and function of tight junctions as a secondary epidermal barrier.
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Folliculin, the Birt-Hogg-Dube gene product, and the adherens junction protein p0071 inter-
act to regulate cell adhesion and polarity
D Medvetz,1 D Khabibullin,1 V Krymskaya,2 T Darling,3 I Hofmann,4 J Liao,5 H Huang6 and
E Henske1 1 Pulmonary and Critical Care Medicine, Brigham and Women’s Hospital, Boston,
MA, 2 Pulmonary, Allergy and Critical Care Medicine, University of Pennsylvania,
Philadelphia, PA, 3 Department of Dermatology, Uniformed Services University of the Health
Sciences, Bethesda, MD, 4 Joint Research Division Vascular Biology, German Cancer Research
Center Mannheim, Mannheim, Germany, 5 Vascular Medicine Research Unit, Brigham and
Women’s Hospital, Boston, MA and 6 Department of Biomedical Engineering, Columbia
University, New York, NY
The purpose of this study was to elucidate the molecular functions of the Birt-Hogg-Dube (BHD)
protein, Folliculin (FLCN), via the discovery of novel protein binding partners using a yeast-two-
hybrid (Y2H) screen. BHD syndrome leads to the development of skin-derived fibrofolliculomas,
kidney cancer, spontaneous pneumothorax, and cystic lung destruction. The top hit from the Y2H
screen was p0071 (also called Plakophilin-4), a homolog of p120 catenin. We discovered that FLCN
regulates p0071 protein expression, RhoA activity, cell-cell adhesion, and polarity. Downregulation
of p0071 phenocopies FLCN loss in regards to cell adhesion and cell polarity indicating that the
interaction is required for proper regulation of cell adhesion and polarity. To examine the in vivo
impact of Bhd loss on cell adhesion, we used keratin-14 cre-recombinase (K14-cre), which has been
used to study other junctional proteins, including p120 catenin. K-14 is expressed in the epidermal
layer. Bhd inactivation in the mouse epidermis leads to delays in eyelid opening, wavy fur, hair loss,
and epidermal hyperplasia. p120 catenin inactivation using the same model also leads to hair loss
and epidermal hyperplasia further supporting a critical role for FLCN in cell adhesion. These data
suggest the FLCN-p0071 interaction is required for proper cell adhesion, cell polarity, and RhoA
signaling and disruption of the interaction leads to skin tumors, cystic lung destruction, and renal
cell carcinoma.
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Proteomics Analysis Reveals Phenotypic Alterations in Scleroderma Fibroblasts In Vitro
VI Dumit,1 V Küttner,3 S Piera-Velazquez,4 SA Jimenez,4 L Bruckner-Tuderman,3 J Uitto4 and
J Dengjel2 1 Freiburg Institute for Advanced Studies (FRIAS), School of Life Science (LifeNet),
University of Freiburg, Freiburg, Germany, 2 Center for Biological Systems Analysis (ZBSA),
University of Freiburg, Freiburg, Germany, 3 Department of Dermatology, University Medical
Center Freiburg, Freiburg, Germany and 4 Department of Dermatology and Cutaneous
Biology, Jefferson Medical College, Philadelphia, PA
Systemic scleroderma (Ssc), the prototype of fibrotic skin diseases, is characterized by excessive
deposition of collagen and other extracellular matrix components, and by the presence of fibrob-
lasts with an activated phenotype. To gain insight into the mechanisms of connective tissue accu-
mulation in Ssc, we took two approaches. First, we employed stable isotope labeling by amino acids
in cell culture (SILAC), a metabolic labeling strategy which allows mass spectrometric comparison
of different cell types with respect to changes in protein composition. Using this global, unbiased
approach, we were able to demonstrate that proteins involved in DNA replication processes are
down-regulated in Ssc fibroblasts from the active area of skin involvement, as compared to normal
skin fibroblasts. Follow-up experiments validated these findings and demonstrated that the cytoso-
lic/nuclear distribution of these proteins is different in Ssc vs. the control cells. Since fibroblast pro-
liferation is tightly coupled to the process of protein expression, it is conceivable that changes in
cell proliferation contribute to the up-regulation of collagen gene expression and extracellular matrix
deposition. The second approach evaluated protein turnover and noted a dramatic decrease in the
homeostatic capacity of Ssc cells in comparison to controls. While the precise mechanistic impli-
cations of these observations for collagen deposition in the skin and other affected organs in Ssc
remain to be explored, the results indicate that fibroblasts established from the affected skin of
patients with Ssc show significant cell biological alterations as compared to the control fibroblasts
from normal skin.
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Identification of cell cycle- and cancer-associated gene networks activated by Dsg2 using
cDNA microarray: evidence of cystatin A deregulation
A Gupta, D Brennan, KE Scott, S Addya, JK Wahl, NA Riobo, JB Lee and MG Mahoney Thomas
Jefferson University, Philadelphia, PA
The desmosomal cadherin, desmoglein 2 (Dsg2) mediates cell-cell adhesion, modulates cell growth
and survival, and regulates mitogenic signaling. Transgenic (Tg) mice overexpressing Dsg2 in the
skin develop epidermal hyperplasia and increased tumorigenicity. To further elucidate the role of
Dsg2, we sought to identify genes associated with this phenotype by microarray analysis. This study
demonstrates that Dsg2 activated cell cycle- and cancer- associated gene networks and upregu-
lated genes involved in epithelial cell growth and survival including the cysteine protease inhibitor,
cystatin A (CSTA). Originally identified as a component of the cornified envelope, CSTA possesses
anti-apoptotic activity and is upregulated in several malignancies. By qRT-PCR, Western blotting
and immunostaining, we showed that CSTA was highly expressed in normal newborn mouse skin
and diminished with age. However, ectopic expression of Dsg2 greatly enhanced the CSTA levels
in adult Tg mice. In humans, CSTA was detected mainly in the basal layers of the epidermis in addi-
tion to the upper differentiated layers. Interestingly, similar to Dsg2 the expression of CSTA was
highly upregulated throughout many malignant SCCs. Recently, loss-of-function mutations in the
CSTA gene were the underlying cause of the skin peeling condition, exfoliative ichthyosis. Histol-
ogy of affected individuals revealed disrupted desmosomes and loss of cell-cell adhesion in the deep
epidermis. We show that knockdown of Dsg2 by siRNA and shRNA reduced CSTA levels. Further-
more, knockdown of either Dsg2 or CSTA reduced cell-cell adhesion and enhanced sheer-induced
fragmentation, with the dual loss having a synergistic effect. Our results demonstrate for the first
time that Dsg2 can modulate the expression of a cysteine protease inhibitor. The potential crosstalk
between Dsg2 and CSTA may play critical roles in exfoliative ichthyosis and skin carcinogenesis by
disrupting the balance between proteases and their respective cystatin inhibitors.
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The α7 nicotinic acetylcholine receptor mediates suppression of collagen synthesis in human
dermal fibroblasts – a novel target for antifibrotic strategies
A Stegemann,1 A Sindrilaru,2 B Eckes,3 A del Rey,4 SA Grando,5 BL Fiebich,6 K Scharffetter-
Kochanek,2 TA Luger1 and M Böhm1 1 University of Münster, Münster, Germany, 2 University
of Ulm, Ulm, Germany, 3 University of Cologne, Cologne, Germany, 4 University of Marburg,
Marburg, Germany, 5 University of California, Irvine, CA and 6 University of Freiburg,
Freiburg, Germany
Serotonin (5-HT)-mediated pathways are considered to play a pathogenetic role in fibrotic dis-
eases. Tropisetron is an approved antiemetic drug acting on 5-HT-receptors. However, it has been
reported that it can also bind to the α7 nicotinic acetylcholine receptor (α7nAchR) due to its high
5-HT3-receptor homology. Here, we investigated the effect of tropisetron on transforming growth
factor-β1 (TGF-β1)-induced collagen synthesis in human dermal fibroblasts (HDF) and in vivo on
experimentally-induced skin fibrosis. Our data disclose a direct suppressive effect of tropisetron on
TGF-β1-induced collagen synthesis in HDF. Neither the SMAD nor the cAMP or MAPK signaling
pathway is involved in this effect of tropisetron. Expression of 5-HT-receptors was undetectable
whereas α7nAchRs were expressed in HDF. Importantly, α7nAchR gene ablation or the specific
α7nAChR antagonist α-bungarotoxin neutralized whereas a specific α7nAchR agonist mimicked
the anti-collagenic effect of tropisetron. This receptor was also expressed in skin and fibroblasts from
patients with systemic scleroderma indicating a target structure for antifibrotic strategies. To test the
in vivo relevance of tropisetron we used the bleomycin (BLM) mouse model of scleroderma. In
accordance with our in vitro results we found a reduction of BLM-induced skin fibrosis in mice
after tropisetron treatment. In summary, our results highlight a novel antifibrogenic activity of α7nAchR
agonists and shed light into mechanism of tropisetron-mediated effects. These data are also encour-
aging for a detailed investigation of the nicotinergic system in fibrotic as well as inflammatory skin
diseases and may point to novel therapies in the treatment of patients with such disorders.
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A septin, SEPT1, is involved in cell spreading of squamaous cell carcinoma DJM-1 cells
Y Mizutani,1 H Ito,2 I Iwamoto,2 R Morishita,2 H Kanoh,1 M Seishima1 and K Nagata2 1
Department of Dermatology, Gifu University Graduate School of Medicine, Gifu, Japan and
2 Department of Molecular Neurobiology, Institute for Developmental Research, Aichi
Human Service Center, Kasugai, Japan
Septins, a conserved family of GTP/GDP-binding proteins, are present in organisms as diverse as
yeast and mammals. Septins assemble into large and persistent structures such as filaments which
are thought to function as scaffolds and/or diffusion barriers controlling and maintaining the local-
ization of diverse proteins. In this study, we defined a biological characterization of septins, focus-
ing on SEPT1 in human skin tissues and a human squamous cell carcinoma (SCC) cell line DJM-1.
In Western blotting, SEPT1 was detected with other septins in normal human epidermis, SCC and
DJM-1 cells. In immunohistochemical analyses, SEPT1 was observed diffusely in the cytoplasm of
human epidermal cells and eccrine gland epithelial cells, and the protein level was increased in
some skin tumors. In DJM-1 cells, SEPT1 together with other members of SEPT2-subgroup, SEPT4
and SEPT5, was enriched in lamellipodia and their localization was dependent on the cortical actin
structure. SEPT1 was distributed at lamellipodia also in mouse melanoma B16 cells. On the other
hand, SEPT9, SEPT11 and SEPT14 were localized along with microtubules in DJM-1 cells. In immuno-
precipitation assays, SEPT1 and SEPT5 were found to form a complex in DJM-1 cells, whereas SEPT9,
SEPT11 and SEPT14 formed a distinct complex together with SEPT7, SEPT8 and SEPT10, but not
with SEPT5. When SEPT1 was silenced in DJM-1 cells, cell spreading was inhibited while it was
rescued in case of RNAi-resistant SEPT1. These results suggest that SEPT1 may participate in cell-
cell and/or cell-substrate interaction in DJM-1 and exert its function in a coordinated manner with
other septins.
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Impact of c-Rel on proliferation, migration and adhesion of HaCaT cells
V Lorenz, MP Schön and CS Seitz Dermatology, Allergology and Venereology, Georg-August-
University, Göttingen, Germany
Epidermal homeostasis describes the balance between proliferation and differentiation of ker-
atinocytes in the skin. Dysregulation of this process may result in development of epithelial neo-
plasms like squamous cell carcinoma. The transcription factor NF-κB has been identified as a key
regulator of this process. While the NF-κB subunits p50 and p65 have been shown to influence
proliferation of keratinocytes, the function of the remaining subunits p52, RelB and c-Rel has not
been fully elucidated. For further studying their role, transient siRNA knockdown of the three NF-
κB subunits was performed in HaCaT cells. While downregulation of p52 and RelB had no influ-
ence on HaCaT cell morphology or growth characteristics, c-Rel siRNA led to a significant growth
inhibition of HaCaT cells 72 hours after transfection. When further investigating the effect of c-Rel
downregulation, a significantly increased portion of cells remained in G2/M phase. Additionally to
growth inhibition, c-Rel downregulation led to a phenotypic change of HaCaT cells with a partial
resolution of colony formation and with single cells being more elongated and spindle-shaped com-
pared to the normal morphology of HaCaT cells. To determine the impact of c-Rel on HaCaT cell
motility, assays for cell migration and adhesion were performed. Thereby, in vitro wound healing
assays showed a significant delay in wound closure of c-Rel knockdown cells suggesting a reduced
migratory capacity. Adhesion assays demonstrated reduced overall adhesive properties of at least
20% of c-Rel knockdown cells at different coating concentrations of collagen I, fibronectin and
laminin, respectively. Additionally, an exceedingly reduced attachment of 50-60% was observed
on vitronectin coated wells suggesting a predominant role for vitronectin binding partners in this
process. In summary, our data reveal a role of c-Rel in HaCaT proliferation, adhesion and migra-
tion, implying a contribution of c-Rel to regulation of epidermal homeostasis and possibly epithe-
lial neoplasm formation.
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Environmental factors drive the cross-linking of structural proteins in ageing skin
AK Langton,1 E Tsoureli-Nikita,2 CE Griffiths,1 MJ Sherratt1 and RE Watson1 1 Institute of
Inflammation & Repair, Manchester Academic Health Science Centre, The University of
Manchester, Manchester, United Kingdom and 2 Dermatology, Attikon University Hospital,
Athens, Greece
Cutaneous ageing is the result of two distinct, biological processes which may occur concurrently:
i) the passage of time, termed intrinsic ageing and; ii) environmental factors such as chronic ultra-
violet (UV) radiation and tobacco smoke, termed extrinsic ageing. With advancing age, skin loses
its ability to both deform and recoil, culminating in tissue stiffening. The accumulation of post-
translational modifications in key extracellular matrix proteins may play a role in tissue stiffening.
Members of the lysyl oxidase (LOX) family of enzymes can mediate tissue stiffening by causing
excessive cross-linking of elastin and collagen. The aim of the current study was to determine the
effect of exposure to environmental factors on the enzymatic activity of LOX in skin. In order to
compare the systemic effects of tobacco smoke, biopsies were obtained from UV-protected buttock
skin of non-smokers (mean age 31.3 years, SD 7.1 years; males n = 5; females n = 3) and smokers
(>40 cigarettes/day, >5 years; mean age 40.5 years, SD 10.1 years; males n = 5; females n = 3),
whilst the effect of chronic UV radiation was examined using skin biopsies from both the UV-pro-
tected buttock and UV-exposed forearm of aged individuals (mean age 70.1 years, SD 4.1 years,
males n = 5; females n = 3). In UV-protected skin and the skin of non-smokers, LOX activity was
specifically localised to the epidermis. In contrast, LOX activity was significantly increased in both
the epidermal and dermal compartments of skin exposed to UV (epidermis: p<0.001 & dermis:
p<0.001) and the skin of smokers (epidermis: p<0.01 & dermis: p<0.05) compared to UV-pro-
tected skin and the skin of non-smokers, respectively. These data suggest that aberrant LOX activity
may be a common mediator of increased protein cross-linking and hence increased tissue stiffness
in skin aged by disparate extrinsic factors.
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Non-invasive study of human cutaneous innervation in an re-innervated skin ex vivo model
using bi-photon technology coupled with a cellular dye: limitations and possibilities
N Lebonvallet,1 D Sevrain,2 V Buhé,1 Y Legrand,2 C Jeanmaire,3 G Pauly3 and L Misery1 1
Université de Bretagne Occcidentale, Laboratoire de Neurosciences de Brest, LNB, EA4685,
Brest, France, 2 Université de Bretagne Occcidentale, Laboratoire de Spectrométrie et
Optique Laser, Brest, Brest, France and 3 BASF Beauty Creations, BASF Beauty Care Solutions
France SAS, Pulnoy, France
The cutaneous innervation plays a major role in skin perception and skin homeostasis. When skin
is injured, the innervation is deteriorated and usually cut. Currently, it is technically and ethically
difficult to study the re-innervation in humans. It is important to have a system / model allowing us
to study the innervation and re-innervation of skin by a noninvasive method. We used a model of
re-innervated human skin explant, cultured for 10 days with sensory neurons from dorsal root gan-
glia extracts from newborn rats. To observe the innervation throughout the explant, nerve cells was
stained with a vital cell stain (FM1-43) and viewed by biphotonic fluorescence microscopy, that
allow to observe deeper structures than confocal microscopy. Furthermore the biphotonic microscopy
permits higher spatial resolution than laser scanning microscopy and generates less photodamage.
We observed clusters of neurons and nerve fibers labeled by the FM1-43 up to 300 microns in depth
in the skin explant. Other elements were also observed, as epidermal keratin epidermis or dermal
collagen that produces naturally a specific optical signal under two-photon excitation: SHG (Sec-
ond Harmonic Generation).
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Characterization of a Novel Hyaluronan-Depolymerizing System Mediated by KIAA1199
A Nagaoka, H Yoshida, A Kusaka-Kikushima, M Tobiishi, K Kawabata, T Sayo, S Sakai, Y Sugiyama
and S Inoue Innovative Beauty Science Laboratory, Kanebo Cosmetics Inc., Odawara, Japan
Hyaluronan (HA), a nonsulfated linear glycosaminoglycan (GAG) composed of repeating disac-
charide units of N-acetylglucosamine (GLcNA) and glucuronic acid, has an extraordinarily high
turnover in the skin. The mechanism of HA degradation in the skin is, not fully understood, how-
ever. Recently, we discovered a novel molecule, KIAA1199, which plays a central role in HA degra-
dation of cultured normal human skin fibroblasts independently of CD44 and HYAL enzymes.
Here we have analyzed the properties of the hyaluronan-depolymerizing system mediated by
KIAA1199. The ectopic expression of full-length KIAA1199 cDNA endowed HEK293 cells with the
ability to depolymerize high molecular weight HA (>1,000 kDa) to intermediate-sized fragments
(10-100 kDa) in a similar manner to skin fibroblasts. Next, we established stable transformants that
strongly expressed KIAA1199. The transformants digested HA in culture but not other GAGs such
as dermatan sulfate, heparin, heparan sulfate, chondroitin sulfate A, C, and D, suggesting a substrate
specificity toward HA in a system mediated by KIAA1199. HPLC analysis using size exclusion col-
umn showed that the size of minimum HA fragments depolymerized from high molecular weight
HA by the transformants was about 3.3 kDa. Finally, in order to characterize the manner of HA
degradation, the cleavage sites of HA were examined. The reducing and non-reducing terminal
sugars of the HA fragments were GLcNA and glucuronic acid, respectively. These results demon-
strated that KIAA1199-stable transformants selectively depolymerize HA in an endo-β-N-acetyl-
glucosaminidase manner, and the peak size of minimum dagradates corresponds to approximately
eight disaccharide units, which is much smaller than the HA catabolites produced by skin fibrob-
lasts physiologically expressing KIAA1199. This seems to imply that small HA fragments known to
induce inflammation may be due to an excessive expression of KIAA1199.
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Papillary and reticular human fibroblasts: distinct characteristics and contribution to clonal
growth of human keratinocytes progenitors
R Boulgana,1 M Toutfaire,1 E Palazzo,2 C Marteau,1 J Cauchard,1 E Noblesse,1 S Schnebert,1
E Perrier,1 C Pincelli2 and M Dumas1 1 LVMH Recherche, Saint Jean de Braye, France and 2
Dermatology, University of Modena and Reggio Emilia, Modena, Italy
The dermis of human skin is partitioned into histological distinct zones: the papillary dermis, con-
taining papillary fibroblasts (PF), and the reticular dermis, with reticular fibroblasts (RF) but the dis-
tinct role of these cells remains unclear These two sub-populations of cells, we isolated n=5 PF (0
to 0.3mm depth) and RF (>0.7mm depth) from human dermis with a dermatome (collagenase diges-
tion) and cultivated. They were then submitted to migration (chambers), proliferation (cell count),
clonogenic potential (single cell growth), differentiation (alpha-smooth muscle actin expression),
collagen remodelling (contraction of type I collagen lattices) and genes expression profile (Taqman
low density arrays). We also evaluated the clonogenic potential of freshly isolated keratinocytes
enriched in stem cells (5 min adhesion to type IV collagen-coated dishes) seeded on PF or RF
feeder layers. The two sub-populations of fibroblasts revealed specific profiles. Papillary fibroblasts
had a higher migration potential, rate of growth and clonogenic potential than reticular fibroblasts,
the latter being more involved in tensile and differentiation processes. The transcriptional analysis
of genes showed that types I, III and V collagen were up-regulated in RF as well as MMP-14, TIMP-
1 and TIMP-2 whereas MMP-1 and MMP-3 were up-regulated in PF. In addition the ability of sin-
gle keratinocytes progenitors to form large colonies of cells was more pronounced with PF used as
feeder layer than with RF. Taken together these results show a distinct functional and transcriptional
profile for papillary and reticular fibroblasts in the dermis. Moreover papillary fibroblasts could be
an important support in the clonogenic potential of epidermal keratinocytes progenitors and there-
fore could have a key role in the mesenchymal stem cells niche.
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Local cortisol activation by 11β-HSD1 progresses skin atrophy through reducing the prolif-
eration of fibroblasts in adult mouse skin
M Terao, S Itoi, M Tani, H Murota and I Katayama Dermatology, Osaka University Graduate
School of Medicine, Suita, Japan
Glucocorticoids (GCs) are one of the most effective anti-inflammatory drugs to treat acute and
chronic inflammatory diseases. However several studies show that GCs alter collagen metabolism
in the skin and induce skin atrophy. Cortisol is the endogenous GC that is released in response to
various stressors. Over the last decade, extraadrenal cortisol production in various tissues is reported.
Skin is also known to synthesize cortisol though de novo pathway and through activating enzyme.
11β-hydroxysteroid dehydrogenase 1 (11β-HSD1) is the enzyme that catalyzes the conversion of
hormonally inactive cortisone into active cortisol in cells. We recently found that 11β-HSD1 is also
expressed in keratinocytes and is negatively regulating proliferation of keratinocytes and wound
healing. In this study, we found that the expression of 11β-HSD1 in mouse skin is rarely detected
in newborn mouse skin that gradually increases by age. To evaluate the significance of increased
11β-HSD1 in adult mouse skin, 11β-HSD1 knockout mice were generated. The skin of 11β-HSD1
knockout mice showed thick dermis increased type 1 collagen protein and decreased subcutaneous
adipose tissue layer compared with wildtype mice. The proliferation of dermal fibroblasts assessed
by MTS assay was significantly enhanced in knockout mice compared with wildtype mice. Fur-
thermore, subcutaneous injection of 11β-HSD1 inhibitor for 3 weeks to adult wildtype mice also
increased dermal thickness and upregulated type 1 collagen protein. These findings suggest the pos-
sible role of increased 11β-HSD1 expression in dermal atrophy. Taken together our findings may
propose a novel role of local cortisol activating enzyme in intrinsic aging-related skin atrophy.
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Hyalurosome is involved in epidermal homeostasis and activation of hair follicle bulge stem
cells
L Barnes,1 B Darbellay,1 J Saurat2 and G Kaya1 1 Dermatology, University Hospital of Geneva,
Geneva, Switzerland and 2 Swiss Center for Applied Toxicology, University of Geneva,
Geneva, Switzerland
We have previously proposed a membrane organelle, hyalurosome, composed of molecules involved
in hyaluronate (HA) metabolism and cell signaling in the keratinocytes which is functionally defec-
tive in dermatoporosis, a chronic cutaneous insufficiency/fragility syndrome. In this study we used
SKH1 hairless mice to induce a severe epidermal atrophy by topical application of clobetasol pro-
pionate (CP), a potent atrophogenic corticosteroid. CP caused a significant decrease in epidermal
thickness, intracellular F-actin network, intercellular HA amounts and keratinocyte CD44 expres-
sion. In addition, the Lrig-1 positive compartment of the bulge located in the residual hair follicles
of hairless mice was severely reduced. Topical application of hyaluronate fragments (HAF) prevented
the effects of CP. In vitro experiments conducted in human keratinocytes showed that CP interfered
with F-actin polymerization leading to the collapse of filopodia, cell structures crucial for HA
secretion of keratinocytes, HA/CD44 interaction and cell sensitivity to epidermal growth factors. In
contrast, HAF protected filopodia from the adverse effects of CP. The epidermis of CD44KO hair-
less mice showed a similar pattern as the CP-treated epidermis, such as a reduced Lrig-1 compart-
ment and a weak F-actin network. Our results suggest that hyalurosome, in addition to its potential
role in epidermal homeostasis, may also be involved in the activation of hair follicle bulge stem
cells and their migration toward interfollicular epidermis.
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Evaluation of the effect of Rho-kinase inhibitor Y-27632 on the lifespan of dermal fibroblasts
I Garcia, C Serre, M Arcioni, C Pouzet, M Brulas, E Bauza, J Botto and N Domloge Vincience, ISP
Global Skin Research, Ashland Specialty Ingredients, Sophia Antipolis, France
In the last decade, the banishment of animal experimentation for safety and efficacy testing of cos-
metic products pushed industrials and academic laboratories to develop innovative in vitro mod-
els. The big challenge is to set up reproducible and reliable models. Cultured skin cells, such as
normal human keratinocytes and fibroblasts, are invaluable models for the study of skin biology.
However, their short lifespan in culture and inter-individual variability are limitations for large-
scale screening assays. A recent paper has reported the first example of an efficient keratinocyte
immortalization, cultured on feeder cells, with a chemical compound: the Rho-kinase inhibitor Y-
27632. Starting from these data, primary fibroblasts were extracted from human foreskin and cul-
tured on plastic during several weeks, with or without 10 μM Y-27632. After 160 days in culture,
untreated fibroblasts did not exceed 60 Population Doublings (PDs), whereas Y-27632-treated cells
reached more than 70 PDs. This observation suggested more an improved proliferative ability of
treated cells than a real extended lifespan. Senescence-associated β-galactosidase (SA- β-Gal) activ-
ity of fibroblasts was also monitored, and revealed that the level of SA- β-Gal was lower in Y-
27632-treated cells when compared to untreated control. Moreover on treated cells, changes on
cytoskeleton structure were observed by microscopy and were confirmed by the immuno-detec-
tion of Vimentin. We also observed that Rho-kinase inhibition disrupted Collagen type I distribu-
tion in treated cells. Although the overexpression of Telomerase has been shown to be sufficient to
immortalize fibroblasts, its stimulation through Y-27632-induced inhibition of Rho-kinase pathway
did not appear to be efficient. When fibroblasts were cultured on plastic, Y-27632 treatment seemed
to modulate more strongly cell adhesion and cytoskeletal rearrangement processes than cell immor-
talization.
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A Novel Hyaluronan-Depolymerizing System Mediated by KIAA1199 Independent of CD44
and HYAL Enzymes
H Yoshida, A Nagaoka, A Kusaka-Kikushima, M Tobiishi, K Kawabata, T Sayo, S Sakai, Y Sugiyama
and S Inoue Innovative Beauty Science Laboratory, Kanebo Cosmetics Inc., Odawara, Japan
Hyaluronan (HA), one of the major glycosaminoglycans in the extracellular matrix, has an extraor-
dinarily high turnover. Indeed, the metabolic half-life of HA is only 1-1.5 days in the skin. A cell
surface HA receptor (CD44) and two hyaluronidases (HYAL1 and HYAL2) have been proposed to
play key roles in HA degradation. There is little evidence, however, to prove that these molecules
are responsible for HA catabolism in the skin. In order to shed light on it, we used normal human
skin fibroblasts (Detroit 551 cells) which depolymerize exogenously added high-molecular weight
HA in culture. Detroit 551 cells expressed CD44 and HYAL2, but little or no HYAL1. Interestingly,
the down-regulation of CD44 and HYAL2 using specific siRNAs showed no definite effect on HA
depolymerization. Thus, in order to explore molecules implicated in HA depolymerization, we com-
prehensively surveyed genes the expression of which associated with the degree of HA depoly-
merization. Since HA depolymerization by Detroit 551 cells are strikingly up-regulated by treat-
ment with histamine and down-regulated by treatment with TGF-β1, we selected genes significantly
up-regulated by histamine and down-regulated by TGF-β1. Among these genes, we disclosed that
the siRNA-mediated knockdown of the KIAA1199 gene, which encodes a protein of unknown
function, abolished HA depolymerization in the Detroit 551 cells. In situ hybridization and immuno-
histochemistry indicated that KIAA1199 is expressed mainly by dermal fibroblasts in normal human
skin. Taken together, we propose the hypothesis that KIAA1199 is a novel molecule that plays a
central role in HA catabolism in the skin, independently of CD44 and HYAL enzymes.
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Characteristics of reticular and papillary fibroblasts and their potential functional implica-
tions in skin aging
D Janson,1 G Saintigny,2 J Zeypveld,1 C Mahé2 and A El Ghalbzouri1 1 Dermatology, Leiden
University Medical Centre, Leiden, Netherlands and 2 CHANEL Parfums Beauté, Paris, France
The dermis can be divided in two morphologically different layers: the papillary and reticular der-
mis. Fibroblasts isolated from these layers behave differently in both 2D and 3D culture. Because
the papillary dermis decreases in size during skin aging, it is hypothesized that papillary fibroblasts
are lost, which leads to a relative increase of reticular fibroblasts. We hypothesized that papillary
fibroblasts represent an undifferentiated phenotype, while reticular fibroblasts represent a more dif-
ferentiated phenotype. We have investigated the differentiation process of both fibroblast types to
understand their role in skin aging. Because no markers were available for reticular or papillary
fibroblasts, we performed gene expression analysis on in vitro cultures of both fibroblasts. We iden-
tified and validated 13 differently expressed genes on mRNA level and 4 biomarkers on protein
level. By measuring expression changes of the papillary and reticular markers we showed that pap-
illary fibroblasts can differentiate into reticular fibroblasts after prolonged culture. These observa-
tions were confirmed in skin equivalents. Equivalents generated with high passage, differentiated,
papillary fibroblasts resembled equivalents generated with reticular control fibroblasts. The data
shows that papillary fibroblasts can differentiate into reticular fibroblasts. Since both fibroblast
populations have distinct effects on skin physiology, such as on matrix generation and epidermal
differentiation, we propose that the differentiation of papillary to reticular fibroblasts is a mecha-
nism of skin aging and a potential new target for anti-aging strategies.
272
Remodeling dermal ECM organization by dermatopontin reveals anti aging properties. Ex vivo
and in vivo studies
G Oberto,1 Y Guérif-Ferreira,1 L Mur,1 C Plaza,1 F Portolan,1 G Menon,2 R McMullen,2
K Cucumel,1 J Botto1 and N Domloge1 1 Vincience, ISP Global Skin Research Center, Ashland
Specialty Ingredients, Sophia Antipolis, France and 2 ISP Global Research Center, Ashland
Specialty Ingredient, Wayne, NJ
Recent studies suggested the implication of Dermatopontin in improving skin firmness and elastic-
ity. Indeed, this protein forms complexes with other proteins, which are responsible for the adhe-
sion of fibroblasts to dermal fibers. Therefore, the dermatopontin is considered to play important
roles in cell-matrix interactions. We were interested in evaluating further the role of extracellular
matrix proteins, and especially Dermatopontin, in dermal aging; and the effect of this molecule on
dermal regeneration and skin elasticity. For this purpose we developed a new compound, IV09021,
that showed in vitro, an enhancing effect on major dermal component. At first, ex vivo studies
showed that, after a 1% IV09021 treatment on skin biopsies, elastic fibers were extended and the
expression of their major components (Tropoelastin, Fibrillin-1 and Fibullin-5) was significantly
increased in the dermis. The anti-aging effect of IV09021 formulated at 1% was evaluated in vivo,
by a double-blind study versus placebo, conducted on 12 volunteers during four weeks, on the neck-
line. We used the Reviscometer® in order to evaluate the skin elasticity. After four weeks of appli-
cation, we found that the compound helped to significantly improve skin elasticity. Moreover,
Visioscan® images revealed that skin microreliefs led to triangular and hexagonal skin image as
expected in young skin. These in vivo results suggested a potential role of dermal Dermatopontin
in improving skin anisotropy an important feature of aging.
273
Morphological analysis of skin aging using a 3D model
CA Brohem, BB Swinka, MC Baptista, IS Feferman and M Lorencini Research and Innovation
Department, Grupo Boticario, Curitiba, Brazil
In the literature, many studies discuss the thickness of the epidermis in relation to age. Some
authors discuss that skin ageing is characterized by a progressive loss of skin tissue equivalent to
approximately 7% of the total skin every 10 years. This phenomenon is due to a reduction in ker-
atinocytes differentiation and differentiation potential of fibroblasts to form other mesenchymal cell
types for connective tissue regeneration. Other authors show that the number of corneocytes does
not change or decrease with age, and therefore the stratum corneum is able to retain the normal
thickness of about 14-17 layers. Based on these considerations, we are interested in using alterna-
tive methods to study skin processes related to aging. In the present study, we used an in vitro three
dimensional (3D) model to compare the skin differentiation capacity in different age groups: neona-
tal, adults 20 years and 40 years. This model was composed by a dermal equivalent, that consists
of fibroblasts embedded in a collagen matrix, and an epidermal equivalent, that consists of ker-
atinocytes plated on the dermal equivalent. This reconstructed skin is maintained 20 days in an air-
liquid interface for keratinocyte differentiation. After this period, morphological, histological and
immunohistochemistry analyses were performed by haematoxylin-eosin and differentiation mark-
ers as keratin 10 and keratin 14. As results, the 3D skin presented a collagen contraction, which
was even higher when keratinocytes were added. Histologically, the epidermis of the three groups
studied was able to differentiate in a stratified tissue, composed of four layers: basal, spinous, gran-
ular and stratum corneum. There was no difference in cell differentiation among the three groups
analysed and also no significant differences in skin thickness was observed (15 ±2). Our group is
now focused on clarifying the molecular mechanisms by which keratinocytes seams to induce der-
mal contraction on the in vitro 3D skin model.
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The Use of Two Photon Laser Microscopy for Diagnosis and Imaging in Dermatology
D Haluszka,1 N Gyöngyösi,1 A Bánvölgyi,1 A Kolonics,2 R Szipöcs,2 S Kárpáti1 and N Wikonkál1
1 Department of Dermatology, Venereology and Dermatooncology, Semmelweis University,
Budapest, Hungary and 2 Research Institute for Solid State Physics and Optics, Hungarian
Academy of Sciences, Budapest, Hungary
Two photon excitation fluorescence microscopy is a useful tool for the non-invasive evaluation of
cellular and molecular strucutre of the skin. This novel approach uses femtosecond lasers in the near
infrared (650-1300nm) spectral range that allows a superior degree of penetration and high resolu-
tion imaging. VArious methods such as Second Harmonic Generation, Fluorescence Lifetime Imag-
ing Microscopy or Coherent anti-Stokes Raman Spectroscopy have been used to study aging of the
skin or diagnosing different skin diseases. We investigated a various set of human ex vivo skin sam-
ples. Morphological and spectroscopic differences were found between healthy and pathological
skin samples. In particular, we examined tissue samples from young and old patients, diabetic patiens,
melanocytic nevi and skin tumors, including basal cell carinoma. By using combined two-photon
microscopy with SHG imaging we investigated morphological features of different skin specimens.
The results indicate that two photon autofluorescence and SHG imaging could be used for in vivo
noninvasive imaging and diagnosis of diseased skin including malignant skin tumors.
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Cutaneous cells exhibit contractile properties stimulated by a cereal rye extract
J Franchi,1 C Viennet,3 S Robin,4 A Zakaroff-Girard,2 F Pellicier,1 B Closs,5 J Galitzky,2 P Humbert,3
S Schnebert1 and M Dumas1 1 LVMH Recherche, Saint Jean de Braye, France, 2 U586 rcherch-
es sur les obésités, Inserm, Toulouse, France, 3 Dermatologie, Hopital Saint Jacques Université
Franche Comté Inserm U 1098 SFR FED 4234, Besançon, France, 4 Bioexigence, Besançon,
France and 5 Silab, Brive, France
Reduction of skin elasticity is a characteristic feature of chronologically aged skin. At the cellular
level, when a mechanical stress is applied to the skin it results in a change in the structure of the
cytoskeleton. The cells produce a large number of stress fibers composed of SMA (alpha Smooth
Muscle Actin), which play an active role in the transmission of the mechanical tensile signal. The
aim of the study was first to highlight the decrease of tensile properties of aged dermal fibroblasts
by measurement of strengths exerted by cells embedded in collagen lattice during isometric der-
mal remodeling (GlaSbox® device) and by evaluation of the expression of SMA by immunofluo-
rescence. We have selected a cereal rye extract able to restore the synthesis of stress fibers and the
tensile properties of aged dermal fibroblasts. We previously demonstrated that adipose tissue stroma
vascular-derived cells (SVC) treated in vitro with TGF were able to express, as fibroblasts do, the
phenotypic smooth muscular cell. This study investigates the contractile properties of SVC and their
SMA expression compared to dermal fibroblasts obtained from the same individual, skin location
and culture conditions. The SVC embedded in collagen lattices exhibit equivalent tensile strengths
as dermal fibroblasts. Moreover, treatment with the extract significantly stimulated SVC isometric
forces and SMA expression. We conclude that the adipose tissue stroma vascular fraction is a reser-
voir of fibroblast-like cells able to reorganize and tense in depth the dermal collagen matrix. In
vivo, this vegetable extract firms skin. These results illustrate the ability of this vegetable extract to
modulate the dermal fibroblasts and SVC plasticity and its regulating role in the mechanical resist-
ance and stretching of aged skin
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Improvement of Skin Aging through Stimulation of Microfibril-Associated Glycoprotein 1
S Chen, Q Zheng, J DiMaria, J Conte, K Ertel, J Lyga, EA Bookland and U Santhanam Global R&D,
Avon Products, Inc., Suffern, NY
Skin aging is a continuous process that affects skin function and appearance. Chronological aging,
environmental damage, and life style, which are the major contributors to the skin aging process,
can lead to reduction and damage of skin matrix. A dysfunctional skin matrix can eventually cause
facial wrinkles, sagging and other signs of skin aging. Previously, we have identified that a matrix
component, microfibril-associated glycoprotein 1 (MAGP-1), declines with age in skin. We further
demonstrated that Cortisol, a bio-marker of emotional stress, can also decrease the expression of
MAGP-1. In order to identify active ingredients that can influence the expression of MAGP-1 in
skin cells, and potentially have a positive impact on the visual appearance of aged skin, we initi-
ated a screening program. In this report, we reveal the identification of several novel ingredients
that increase the expression of MAGP-1 in skin cells in vitro. Topical skin care formulations con-
taining these novel MAGP-1 stimulators can counteract emotional stress-induced reduction of MAGP-
1 in vitro and help improve the appearance of aging skin in vivo.
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